The aim of this study was to analyze the effect of a policy aimed at the removal of a greenbelt on future urban growth. The SLEUTH model was applied to the Seoul Metropolitan Area, South Korea, to predict urban growth under three different greenbelt removal scenarios. The accuracy of the model was verified using historical data with ROC and Kappa statistics of 82.6 and 76.3%, indicating reasonable accuracy. In the scenarios, suburban development grew in proportion to the degree of reduction of the greenbelt. In two of the scenarios, suburban cities in the inner part of the greenbelt were integrated into the metropolitan area. In scenario 3, a complete removal of the greenbelt resulted in the highest rate of projected urban development. The Seoul Metropolitan Area is under continuous developmental pressure, and the sacrifice of a certain amount of protected land to satisfy this demand may be inevitable. Accordingly, effective urban growth management is necessary to promote ecofriendly and sustainable development in formerly protected areas and to strengthen protection in the areas that will remain protected. The model outputs will be used by the government and policy makers to devise a more flexible and sustainable urban growth management policy.
Introduction
The second half of the twentieth and start of the twenty-first centuries have seen rates of urbanization that are unprecedented in human history, primarily in the developing world [1, 2] . More than half of the world's population, 3.5 billion people, now live in urban areas, whereas, in 1800, the figure was only about 3% [3] . By 2030, approximately 5 billion people are expected to reside in urban areas, accounting for 60% of the planet's anticipated 8.3 billion people [4] . Population increase and urbanization result in significant changes to landscapes and environments and can cause a variety of socioeconomic and ecological problems such as air and water pollution, degradation of cultivated land due to urban sprawl, alteration of hydrological characteristics, reduction of biodiversity, transportation congestion, and housing shortages [5] [6] [7] . These issues have a range of effects from larger concerns such as global climate change down to the achievement of local sustainable development [8] .
Against this background, many policies and regulations have been designed and implemented to control or mitigate urban sprawl. As a result, urban containment policies have emerged as a popular means of reducing sprawl and preserving farmland [9] . Urban containment policies have included urban growth boundaries, urban service boundaries, and greenbelts, each intended to contain specified types of future urban development within predefined boundaries, to curb urban sprawl, and to encourage infill development [10] . Among urban containment policies, the greenbelt, which is a physical area of protected open space surrounding a city or metropolitan area, is the most restrictive form, because development is strictly regulated or prohibited within the greenbelt itself [11] .
Since the 1960s, Korea has experienced many urban problems due to its rapid urbanization and industrialization. Beginning in 1971 and through the early 1970s, the Korean government designated eight greenbelts (5397 km 2 , 5.4% of 2 Journal of Sensors the nation's territory) in 14 areas surrounding cities to prevent disorganized urbanization and to preserve the natural environment. Korea's greenbelt policy has been shown to be the most successful urban containment policy among the policies employed by Asian countries [12] . However, Korea's greenbelt policy has been criticized due to its associated problems such as growing land demand, property rights of landowners, and the rise in commuting distances. As a result, greenbelts in some regions have been eliminated in some cities, and existing greenbelts in other regions are now being gradually removed according to the national Urban Master Plan. As the elimination of the ban on development within the greenbelts is considered, it is important to evaluate the anticipated urban growth so as to establish a new urban growth management policy that will retain the original goals of greenbelts. Greenbelts are intended to check sprawl, prevent the merging of built-up areas, protect the countryside, including its cultural and historic significance, and encourage redevelopment within cities. Their positive goals are the provision of access to open space for urban dwellers, the retention of attractive landscapes, and the conservation of nature, agriculture, and forestry.
In the last few decades, land use change models have played an important role in understanding the causes, mechanisms, and consequences of land use dynamics. The models have provided an opportunity to explore and evaluate land use policies and have helped to visualize alternative futures [13] . Among different types of land use change models, the cellular automaton (CA) model is the most impressive, due to its flexibility and simplicity in model application as well as its compatibility with remote sensing data and geographic information systems. To date, many researchers have developed CA-based models, including iCity [14] , DINAMICA [15] , CLUE-S [16] , SIMLAND [17] , LEAM [18] , and SLEUTH [19] . Among these, the SLEUTH model, a modified CA model, resolves constraints such as spatial homogeneity, uniformity of neighborhood interactions, and the universal transition functions of the classic CA model [20, 21] . Moreover, the SLEUTH model explores the influences of different spatial considerations in land use planning. A flexible environment is provided in which alternative scenarios are applied [22] . Therefore, we selected the SLEUTH model for use in this study.
A prior study assumed that compact development would lead to the full elimination of the greenbelt zone and more compact future urban growth [23] . Under this assumption, we analyzed future urban growth to overcome land shortages due to urban development. The present study aimed to evaluate the effect of planned greenbelt removal on future urban growth and to perform a functional assessment of the greenbelt. Therefore, the primary steps and contributions of this study were to (1) construct input data for the SLEUTH model using various thematic maps, (2) analyze the areas eliminated from the greenbelt zone through environmental assessment, and (3) establish three different scenarios based on the degree of elimination. Following calibration and validation of the model, future land use responses to each scenario were analyzed and compared.
Study Area
The regional scope of this study comprises the Seoul Metropolitan Area (SMA) in South Korea, which includes Seoul, Incheon, and Gyeonggi-do. The target area is 6022 km 2 ( Figure 1 ) and excludes some parts of Incheon and Gyeonggido. In Korea, urbanization is divided into the middle period and later period, before and after 1990, respectively. In the later urbanization period, population growth began to be higher in nearby cities than in large cities, and the local government system was established, decentralizing urban society and beginning the structural qualitative changes that accompany urbanization [24] . Rapid urbanization occurred during the middle urbanization period, which can lead to overestimations in model predictions. Thus, we set the calibration period as 1990-2010 and predicted the urban growth of SMA areas for 2020.
The greenbelt zone in the SMA is 1416 km 2 , which accounts for 40% of the total area of greenbelt zones of Korea and is 2.5 times the total area of Seoul. Currently, illegal construction occurs throughout the area, due to the high pressure of development within the greenbelt zone. This has caused damage to green space and is a hindrance to the city environment. As a result, the "2020 Metropolitan CityRegion Planning in the National Land Use Planning Law" was established by Korea's Ministry of Land, Infrastructure, and Transport (MLIT), Seoul, Incheon, and Gyeonggi-do. It was decided to gradually eliminate certain parts of the greenbelt by 2020 to create working-class residential areas and to stimulate the regional economy.
In addition, although the population growth rate of SMA has been regulated since 1997, 49% of South Korea's population live within its boundaries. According to the future population projection by Korea's National Statistical Office, the population of SMA will reach 25.1 million by 2040, and more than 51% of Korea's population will live within its borders.
SMA is under urban development pressure due to continuous population growth and industrialization. Significant changes in urban land use are expected in districts where restrictions on development are lifted.
Data and Methods

SLEUTH Model.
The SLEUTH model is the improved version of the Clarke Cellular Automaton Urban Growth Model, originally developed by Clarke and colleagues [19] . The acronym SLEUTH refers to the model's data input requirements: slope, land use, exclusion zone, urban, transportation, and hillshade. The model runs on UNIX or UNIXbased operating systems and is composed of the urban growth model (UGM) and the deltatron land use change model (DLM); the latter is optional [25] .
SLEUTH simulates four types of urban land use change: spontaneous growth, addition of new spreading-centers, edge growth, and road-influenced growth. These four growth types are applied sequentially during each growth cycle or year and are controlled through the interactions of five growth coefficients: diffusion, breed, spread, road gravity, and slope [26] . Values for each dimensionless coefficient range from 0 to 100, with higher values indicating greater relative importance [25] . Table 1 shows the relationships between growth types and coefficients. Appropriate coefficient values are identified by the user via an automated calibration process in which various combinations of coefficient values are tested, usually through a brute force method, and the best performing coefficient set is selected [27] . Additionally, SLEUTH has a self-modification rule that allows the coefficients to change according to the urban growth rate. With self-modification, SLEUTH can produce linear, exponential, or S-shaped urban growth curves, which can realistically reflect different rates of urban sprawl [19, 28] . Figure 2 shows the general structure of the model [13] . SLEUTH 3.0 under Cygwin using a GNU compiler (GNU Compiler Collection) was downloaded and compiled. As [29] , pixel values were assigned weights according to the degree of development of the transportation network layer. Expressways, urban expressways including national and provincial highways, local primary roads, and others including local roads and those reserved for special use were assigned values of 100, 75, 50, and 25, respectively. Higher values represent roads with a relatively high tendency to attract urban growth.
Excluded Layers.
Excluded layers are the areas excluded from urbanization based on physical and legislative restrictions. Locations where urban development was considered impossible were assigned a value of 100 or greater and locations that were available for urban development were assigned a value of zero. A value of 50 was assigned to indicate a neutral weighting for development. Excluded layers were produced using GDEM, an ecoenvironmental conservation value assessment map (ECVAM), water bodies, the greenbelt zone, and the zone eliminated from the greenbelt. The ECVAM were graded from 1 to 5, using an overlapping analysis for 57 variables related to law and 8 variables related to environment, respectively, with grade 1 indicating the highest conservation value.
The first excluded layer represents the continuous existence of physical and legislative resistance without any change. Areas with a gradient of over 25 degrees and altitude over 100-m were extracted using GDEM and were assigned a value of 100 (excluded). The first grade areas of ECVAM were assigned a value of 100, the second grade areas were assigned a value of 75, and the third grade areas were assigned a value of 50. Bodies of water were extracted using the 2010 land cover map and were assigned a value of 100. This layer was used for scenario 1.
The second excluded layer represents the full elimination of the greenbelt. The greenbelt zone was assigned a value of 0, which means that it was fully available for urban development. The assigned values for slope, elevation, ecoenvironmental conservation areas, and water bodies were the same as those of the first excluded layer. This layer was used for scenario 2.
The third excluded layer represents the partial elimination of the greenbelt. The first grade areas of ECVAM were assigned a value of 100; the second grade areas were assigned a value of 75; and the third grade areas were assigned a value of 50. The eliminated greenbelt zone was assigned a value of 0. The assigned values for slope, elevation, legal conservation areas, and water bodies were the same as those of the first excluded layer. This layer was used for scenario 3.
All input data layers were clipped to the same spatial extent as the study area and converted into 100-m-resolution raster grids. The dimensions of the grids were 829 columns by 797 rows. All input data layers were geometrically rectified at the source to the Universal Transverse Mercator (UTM) Zone 52N 1984 World Geodetic System (WGS 84) and then converted into graphic interchange format (GIF) with a grayscale palette and naming convention, as required by the model. Table 2 and Figure 3 show the resulting input data sets for SLEUTH.
Elimination of the Greenbelt.
The areas of lower conservation value within the greenbelt zone were eliminated through environmental assessment by the "2020 Metropolitan CityRegion Planning in the National Land Use Planning Law." The environmental assessment provided a mechanism to evaluate high and low conservation value using overlapping analysis for six factors: elevation, slope, flora, agricultural suitability, forest suitability, and water quality. All items were graded by setting standards (Table 3) .
Elevation and slope were classified and graded using the GDEM. Flora was graded by the age and origin of the forest using a forest map, which was acquired from Korea's Forest Geographic Information System from the Korea Forest Service (KFS). Agricultural suitability was graded using the grade of agricultural suitability, the agriculture development region, and the arable land rearrangement region. The grade of agricultural suitability was identified from a detailed soil map, which was acquired from the Korean Soil Information System of the Rural Development Administration.
Water quality consisted of four specific items. The four specific items were scored according to standards per item and were combined (Table 4 ). Buildings were extracted using a topographic digital map and the index of the water quality was calculated by the ratio of building to watershed size. The distance from the intake station was scored using the location of the intake station, which was identified from the 2010 waterworks statistics. The permissible emission standards for wastewater and the environmental standard for water quality were scored according to values provided by the "Water Quality Conservation Act."
Finally, the total grade was classified with an overlapping analysis for the four items. The eliminated zones were selected as third, fourth, and fifth grade, which covered more than 0.2 km 2 . However, the areas where significant environmental damage and development of conurbations were expected were excluded from the eliminated zone by the "2020 Metropolitan City-Region Planning in the National Land Use Planning Law." This planning defined these areas as "mountain areas with an altitude over 70 m" and "areas located within a 5 km zone inside the greenbelt boundary," respectively. The total area of the eliminated zone was 11,024 km 2 .
Model Calibration.
The success of a model mostly depends on the calibration process, which is used to narrow down the values resulting from the model to reflect local characteristics [30] . In this phase, the model is calibrated by fitting simulated data to real historical data collected from the study area. The purpose of the calibration phase is to derive a set of values for the coefficients that can effectively model growth during the historical time period, in this case, from 1990 to 2010 [25] . The calibration process is divided into three phases (coarse, fine, and final) in which the coefficient space is extensively explored through a number of sequential Monte Carlo iterations employing possible combinations of coefficients [22] . During each step of the calibration, various goodness-of-fit parameters were computed having a value range of 0.0 to 1.0, with 1 being a perfect fit [13] . All indices were combined and sorted in descending order based on the optimal SLEUTH metric (OSM), which is the product of the compare, population, edges, clusters, slope, -mean, and -mean metrics ( Table 5 ). The OSM was developed to produce robust and comparable results for SLEUTH calibration [31] . After each calibration phase, the parameter set resulting in the best OSM values determines the range of values used in the subsequent phase of calibration [28] .
Finally, by using the best set of derived coefficients after the three phases of calibration, the model was executed to simulate the historical data set [22] . Once calibrated, the ending coefficient values were determined and used to begin forecasting.
Model Prediction.
Three different methods have been used to predict urban growth under different scenarios: evaluation of the change in the growth coefficients, manipulation of self-organization constraints, and investigation of the different levels of protection values in the excluded layer [32] . The third method was used to predict urban growth to 2020. Each of the scenarios corresponded to a unique excluded layer.
Xiang and Clarke [33] suggested three criteria, including plausible unexpectedness, informational vividness, and cognitively ergonomic design for every set of acceptable scenarios. The design of scenarios should be based on these three criteria and should be strongly linked to the current existing concerns of the policymakers of the region addressing the key questions as well as the historical urban growth trend [34] . The three simple scenarios were established to provide a comprehensible and alternative context for city managers and decision-makers.
The first is the maintenance scenario, which aims to predict future urban growth under the continuation of the historical trend. The physical and legislative resistance in the study area was sustained without changes. The second is the elimination scenario, which aims to predict urban growth if the greenbelt zone were completely eliminated. The result of this scenario could be used to identify the beneficial and adverse effects of the greenbelt in comparison to other scenarios. The third is the controlled elimination scenario, which aims to predict urban growth if the greenbelt was partially eliminated by the "2020 Metropolitan CityRegion Planning in the National Land Use Planning Law." The goal of this planning law is environmental conservation and ecofriendly urban development. According to this goal, areas of lower conservation value would be eliminated and developed in an ecofriendly manner to minimize environmental damage. In addition, the areas near Seoul would be protected from development to avoid the creation of continuous conurbations. The results of this scenario could be used to identify how greenbelt management policy would be affected and how it could be improved to compensate for the defects of the current policy.
Results
Model Calibration.
The model was calibrated according to the three phases previously mentioned using the historical data from 1990 to 2010. The full spatial resolution of the input layers (100-m) was applied in all three calibration phases. Additionally, self-modification parameters, road gravity sensitivity, slope sensitivity, critical low, critical high, boom, and bust were all set to default values. For the coarse calibration phase, the entire range of coefficient values from 0 to 100 was assigned, with incremental steps of 25. For the next calibration phase, these were refined to narrower ranges selected from the top five OSM scores. In the fine calibration phase, diffusion, breed, spread, slope resistance, and road gravity parameters covered values of 80-100, 0-20, 80-100, 50-75, and 25-50, respectively. These ranges narrowed further to 95-100, 5-10, 80-85, 55-65, and 25-35, respectively, in the final calibration phase. Each calibration was successful in increasing the OSM value. The final calibration produced an acceptable top OSM value of 0.574, which compares favorably with other SLEUTH applications. Then, the best coefficient set in 100 Monte Carlo iterations with one-step increments was used to derive an average for each coefficient.
The coefficient values used to predict growth were 100, 6, 84, 1, and 49 for diffusion, breed, spread, slope resistance, and road gravity, respectively. The high value for the diffusion coefficient reflects the high probability of establishing new urban centers through spontaneous growth. The low breed coefficient reflects the low probability of the establishment of new urban centers and is probably a mark of the prior success of the greenbelts in limiting the growth of smaller towns. The low value for slope reflects the fact that the steepest slopes were cut out by the excluded layer. The spread and road gravity coefficients were relatively high. This reflects the high probability of urbanization moving outward from existing urban centers, and infilling. Furthermore, urban growth has been affected by the road network. Finally, the score for slope resistance was so low that it was concluded that topography is not a limiting factor for urban sprawl (Table 6 ).
Model Validation.
The historical trend-based urban growth profile was simulated using the 1990 to 2010 time period. The accuracy of the simulated results for the 2010 urban layer was evaluated using receiving operating characteristic (ROC) and Kappa statistics. Those pixels forecast to become urban with a probability greater than 0.769 were considered urban for the purposes of validation.
The ROC method is an excellent method to evaluate the validity of a model that predicts the occurrence of an event by comparing an image depicting the probability of that event and a binary image showing where that class actually exists, an image created when the simulated and observed maps are overlain [35] . To define the ROC, true-positive and false-positive rates are plotted for every percentile class. The ROC statistic is the area under the curve (AUC), whose value ranges from 0 to 1. Values between 0.7 and 0.9 show reliable precision, whereas scores higher than 0.9 or lower than 0.7 indicate high or low precision, respectively [36] . Figure 4 presents the ROC curve comparing the cumulative probability image of the year 2010 and the Boolean urban map of the corresponding year. The AUC value was 0.826, which can be taken as reliable precision. The Kappa statistic measures the observed agreement between the classification and the reference data and the agreement that might be attained solely by chance matching. Values of the Kappa statistic ranges between 0 (completely inaccurate) and 1 (completely accurate) [37, 38] . Values lower than 0.4 represent poor or very poor agreement, values from 0.4 to 0.55 represent fair agreement, values from 0.55 to 0.7 represent good agreement, values from 0.7 to 0.85 represent very good agreement, and values higher than 0.85 represent excellent agreement between images [39] . In this study, Kappa statistics were calculated using an error matrix between the simulated Boolean urban map of the year 2010 and the Boolean urban map of the same year. We obtained a value of 0.763, which can be taken as a very good agreement between the two maps ( Table 7 ). The analysis of accuracy via the ROC and Kappa statistics indicated that the model, as calibrated for the study area, detected growth characteristics successfully during the prior model calibration years.
Prediction for Each Scenario
Future Urban Growth.
The outcomes of the model simulations for each scenario are summarized in Table 8 and Figure 5 . Scenario 1, which is the maintenance scenario, was limited to development close to the greenbelt. In scenario 1, the expected extent of the urban area in 2020 was 2090 km 2 , an increase of 54.25% from 2010. The decrease in the area of green space, such as farmland, grassland, and forest, was caused by an increase in the urban area. The urban growth mostly occurred to the west of Seoul, likely due to the high altitude and steep gradient east of the research area.
Scenario 2 is the elimination scenario, which represents the elimination of the greenbelt zone completely. Under scenario 2, the city was expected to have an area of 2395 km 2 by 2020, up 76.78% from 2010, which suggested relatively rapid urban development. Consequently, the area of green space in 2020 decreased by 75% compared to 2010 and the decrease accelerated more than scenario 1. The spatial patterns of the future city were generally similar to those in scenario 1; however, the urban areas around Seoul increased due to the elimination of the greenbelt zone.
Scenario 3 is the managed elimination scenario. The urban area in 2020 was projected to be 2094 km 2 , a 54.55% increase, which is slightly more than that of scenario 1. The area of grassland and forest compared to 2010 decreased compared with scenario 1, accounting for 36.3% of the total. The area of farmland increased by 19.9%, up 3% from scenario 1. Some areas of farmland in the northeast and the southwest of Seoul were eliminated from the greenbelt zone due to urbanization. The urban area within the study area will be extended in the future through the decrease of green space. The area of greenspace decreased minimally under scenario 1 but most significantly under scenario 2. It was clear that the greenbelt zone contributed to ensuring that green space remained around the city. Although the greenbelt zone will be eliminated under organized management, the decrease in the amount of green space is a necessity to secure land for development. In particular, many areas of farmland have decreased due to development. Adequate countermeasures should be prepared to protect and preserve farmland.
Leapfrog Development.
The concept of leapfrog development emerged from studies on the spatial evolution of urban areas [40] . Leapfrog development is a discontinuous pattern of urbanization with patches of developed lands that are widely separated from each other and from the boundaries of recognized urbanized areas [41] . The greenbelt zone was subdivided into inside and outside regions, on the basis of the outer boundary line and the urban area, and each scenario was analyzed using these regions (Table 9, Figure 6 ).
Under scenario 1, the urban area of the inside region was 718 km 2 , which was the smallest of all the scenarios; while the urban area of the outside region was 1372 km 2 . In this scenario urban sprawl was avoided due to the greenbelt, and development inside the greenbelt zone was extensive. However, urban development could occur in various locations outside the greenbelt zone, namely, leapfrogging development; in this case, the range of SMA would be expanded.
In scenario 2, the area of the inside region increased significantly to 1020 km 2 by the elimination of the greenbelt zone, with the area of the outside region being 1376 km 2 . The elimination of the greenbelt caused a sharp increase in the urban area within the outside region as well as the inside region. In addition, the urban area within the inside region increased compared with scenario 1, but the urban area in the outside region decreased slightly under scenario 3. Urban development was concentrated within the inside region and leapfrog development was avoided.
Therefore, leapfrog development could be caused by the presence of a greenbelt, which was not the initial intention of planners. If the greenbelt zone is eliminated by systematic planning and ecofriendly development, urban growth could be controlled effectively.
Conurbation.
The development of a conurbation means that an extensive urban area is formed resulting from the expansion of the central city and its urban sprawl, including when these zones merge together. Buffer zones with 10-km intervals were produced on the basis of the urban area in 2010, and the urban areas of each buffer zone were analyzed (Table 10, Figure 7) .
In scenario 1, the urban areas within the 20-km buffer zone were 1051 km 2 and accounted for 60.1% of the total urban area. A conurbation was not formed due to the greenbelt zone. A conurbation was formed in the northwest region of the research area under scenario 2. From the results of scenarios 1 and 2, the greenbelt clearly contributed to the avoidance of the development of conurbations.
In scenario 3, the urban area extended into the area located near Seoul that was eliminated from the greenbelt. As a result, the urban areas within the 20-km buffer zone covered an area of 1120 km 2 , which was a slight increase compared to scenario 1. However, areas located within a 5-km radius of Seoul were restricted from urban development by the "2020 Metropolitan City-Region Planning in the National Land Use Planning Law." Due to this law, even though the greenbelt zone would be eliminated, urban growth near Seoul city could be protected. However, the west side of the research area would still have the potential for conurbation development.
Discussion and Conclusion
The urban growth management policy in South Korea is changing to accommodate environmentally sustainable development, rather than simply the restriction of development in greenbelts, in order to adapt to increasing future development demands. Under such circumstances, the modification and removal of greenbelts has been considered. This research aimed to analyze the impact of the removal of greenbelts on urban growth. Using the SLEUTH model to predict urban growth, three scenarios were established for SMA to analyze the resulting growth and compare the results for each scenario.
To apply the SLEUTH model, urban extent data from 1990, 1995, 2000, and 2010, the road network data from 2000 and 2005, and topographic slopes and hill-shading from 2011 were used as input data. The model was calibrated using historical data from 1990 to 2010. The calibration process was successful according to the best value of OSM in the final calibration, which was 0.574. Additionally, the application of ROC and Kappa statistics resulted in values of 82.6 and 76.3%, respectively, indicating that the SLEUTH model was successful in predicting changes in the research area over the calibration period of 1990-2010.
A comparison of the urban growth under the three scenarios revealed that the green space around the city would remain secure, and a greenbelt zone would prevent urban sprawl and the development of conurbations. However, leapfrog development could be caused by the presence of the greenbelt zone, and urban development in the suburbs of SMA would be accelerated. These phenomena may be accelerated by the complete elimination of the greenbelt zone. The greenbelt zone should therefore be managed to prevent rapid urban growth in the SMA. In addition, part of the urban area increased as a suburb of Seoul and was absorbed into the greenbelt zone, clearly indicating that urban growth would occur near Seoul. These results indicate that urban sprawl and the development of conurbations could be prevented by the elimination of the greenbelt under systematic development planning. Agricultural land faces a higher pressure from urban development, due to the relatively low altitude and gradient. A countermeasure should be prepared to protect and manage farmland sustainably.
The presence of a greenbelt zone could prompt leapfrogging development, which was not the initial intention of planners; this, in turn, would result in the gradual elimination of the greenbelt over the entire country. Thus, the rationale for maintaining a greenbelt is undermined in this situation. Nevertheless, the continued existence and function of the greenbelt zone must be maintained due to the significant damage that urban development would have on the environment and the severe urban problems that would be caused by full elimination of the greenbelt. Therefore, it is advisable to perform greenbelt removal with the intention of maintaining its original goals and function and to mitigate the adverse effects as much as possible. The ecofriendly development of areas removed from the greenbelt will reduce the need for land use management, and improved management can protect the areas that remain in the greenbelt from the increasing development pressure that will arise. Such management could use the principles of smart growth and sustainability planning, perhaps using land trades, mixed land use, and densification.
In addition, an environmental assessment was performed to determine the standard of elimination. A standard environment assessment methodology was established by MLIT in 1999. Some items are difficult to consider using this methodology, because the established laws have changed over time or the standard thematic map is no longer being published. The standard of elimination should be examined thoroughly to develop and manage ecofriendly policies.
The SLEUTH model used in this study has been successfully applied worldwide over the past 15 years to simulate land use change. Using SLEUTH, potential outcomes can be visualized and quantified, model outputs can be closely linked using GIS, and raster-based spatial data derived from remote sensing platforms can be easily incorporated into the model [26] . However, the SLEUTH model only considers road networks as sets of infrastructure parameters. Because urban growth occurs via more complex factors, a greater variety of urban growth factors can reflect various aspects of the real world, such as socioeconomic and physical factors. A study that enhances the SLEUTH model should therefore be conducted through various statistical methods or integration with existing models.
As a result, the SLEUTH model was able to efficiently model and simulate the forecast scenarios that will follow such policy changes. Furthermore, the results of this study will be useful for the government and planning agencies as a basis for establishing a new urban growth management policy. The application of multiple scenarios in this analysis of the consequences of the future removal of development restrictions should improve the usefulness of these findings [33] . Using such information, South Korea will be able to set policy, successfully perform environmentally sustainable urban development, and achieve sustainable development through a balance between urban growth and environmental conservation.
Disclosure
This research was conducted while the lead author was on sabbatical at the University of California, Santa Barbara, California, USA.
